Background: Pancreatico-enteric anastomosis failure has been the main cause of morbidity and mortality
Introduction
Pancreaticoduodenectomy (PD) is a surgical procedure for the pathologic lesion of pancreas head and duodenum, periampullary area, regardless of benign and malignant disease. This procedure has been associated with a significant risk of morbidity and mortality. Recently, the mortality rate associated with PD has been decreased to less than 5%, thanks to the improvement of surgical skills and perioperative management. But the morbidity rate still remains high, ranging from 30 to 50% [1] [2] [3] . The most prevalent factor to lead the mortality following PD is a postoperative pancreatic fistula. Pancreatic fistula is an abnormal communication between the pancreas and other organs due to leakage of pancreatic secretions from damaged pancreatic ducts. Followed by pancreatic fistula, some complications are coincided not uncommon, such as bleeding, delayed gastric emptying, intraabdominal abscess, wound infection, etc. [4, 5] .
To reduce the incidence rate of PEAF, various surgical methods of pancreas reconstruction have been proposed. Most pancreas reconstruction was made as pancreaticojejunostomy (PJ) and pancreaticogastrostomy (PG).
Some surgeon prefers PG which has been known to have advantage in the anastomosis failure [6] . However, it is still controversial whether a method is more effective in preventing pancreatic fistula [7, 8] .
Early diagnosis and prevention of pancreatic fistula have been discussed, but the treatment is still unclear. We have focused on the leakage from the enteric anastomosis of pancreas and called pancreatico-enteric anastomosis failure (PEAF), among the broad concept of fistula. And we have summarized the experience of our institution related to what treatment has been performed in patients with PEAF and their outcome in this study (Table 1) . 
Method
From March 2010 to May 2017, 403 patients with periampullar lesions included disease of pancreas head, duodenum, and distal bile duct underwent classical PD and Pylorus Preserving Pancreaticoduodenectomy (PPPD).
Patients undergoing other types of pancreatic resections were excluded. All surgical procedures were performed by three specialized surgeons at our institute. Reviewed data included were patient demographics (age, sex, and diagnosis, ASA classification), type of operation (laparoscopic or laparotomic), mortality and the timing of procedure. Postoperative mortality was defined as death within postoperative 2 month after PD.
Data for all recruited cases are retrospectively reviewed. And all data were approved by the Institutional Review Board (IRB) of our institution (No. KC18RCSI0043).
PEAF was defined by the presence of rich amylase (over 10000 IU/L) in drainage fluid at postoperative day 5 to 7. Also, it is included that cases of suspicious PEAF of radiographic demonstration by computed tomography (CT) such as showing the anastomotic breakdown and associated local fluid collection (Table 1) .
According to this definition, of the 403 patients who underwent PD, post-operative PEAF developed in 78 (19.4%) patients. And they were categorized into three groups according to the post PEAF management [9, 10] . Those are as follows, 1) Observation (O) group: they were managed by conservative treatment such as maintaining drainage Volume 3, Issue 2, Article ID: 100022 catheter indwelling during the PD, proper nutrition support by enteral feeding with or without total parenteral nutrition and prophylactic antibiotics coverage 2) Intervention (I) group: they were performed postoperative radiologic intervention for PEAF management 3) Surgery (S) group: they were received re-laparotomy for surgical drainage and more definitive intervention. Decision of treatment was depended on the patient's vital sign and status. Even the patients who met the criteria of PEAF, most of the patients were included in the observation group in the stable vital sign and no local inflammatory findings. Otherwise intervention was considered first in the exception of the surgeon's subjective opinion based on operation findings basically according to the remnant pancreas consistency. Also failed radiologic interventional attempts were the indications of the reoperation. In this series, 16 patients died in the entire patient group and 7 cases were related to PEAF.
Surgical techniques
Pancreatico-enteric anastomosis methods are basically performed by PJ and PG anastomosis. First of all, endto-side duct-to-mucosa anastomosis and end-to-end dunking method were performed for the anastomosis of pancreatic remnant and jejunum. Based on these, we modified it according to case in considering of pancreas consistency and patient's general condition. In the case of soft pancreas and poor general condition, PG was preferred to PJ in our series.
PJ and PG anastomosis were performed as described in the report by Batignani et al. [11] In pathologic diagnosis, 342 cases were malignant diseases. The most common malignant disease was pancreatic cancer (n=153, 44.7% of the malignant diseases) and distal bile duct cancer was observed in 97 cases (28.4%).
Ampulla of vater cancer and pancreas neuroendocrine tumor were 68 cases (20%) and 10 cases (2.9%) respectively.
Duodenal adenocarcinoma and duodenal malignant lymphoma were 8 cases (2.3%). Pancreas metastasis of other cancer was 5 cases, Gallbladder adenocarcinoma as 2 cases, respectively. The remaining benign diseases included pancreatic cystic neoplasm, pancreatitis, pancreas injury and duodenal tumor, duodenal perforation, periampullary adenoma and etc. were 61 (15.1%) cases (Table 2) . Volume 3, Issue 2, Article ID: 100022 (19.4%) . In Comparing between contrast group (Non PEAF group) and PEAF developed group (PEAF group), the mean age of both groups was similar, but the PEAF incidence was significantly higher in the male gender (p=0.009). Neither ASA score nor pancreatico-enteric anastomosis type affected PEAF incidence rate. In terms of disease entity, bile duct cancer was the highest risk disease subgroup of the PEAF (p=0.001) which was 30 out of 97 cases and the benign disease had reluctance to develop PEAF than the other indication of surgery (p=0.056). And, in the 9 pancreatic neuroendocrine tumor cases, 4 patients (44.4%) suffered from the PEAF, but it has not significant statistically (p=0.075). On the other hand, PEAF was developed in 14 of 153 pancreatic adenocarcinoma therefore it was the least risk for the PEAF (p<0.001). The mean age of patients with benign disease in PEAF was 58, which was significantly lower than that of the entire PEAF group. The mean age of patients with malignant disease was 63 (Table 3 ).
Among the 78 PEAF patients, 50 was managed as a conservative treatment (O group) that was consisted with maintenance of drain, enteral feeding with or without parenteral nutritional support and prophylactic antibiotics. 15 patients of PEAF were successfully treated with radiologic intervention (percutaneous transabdominal drainage procedure) (I group). Surgery group consisted of 13 PEAF patients (S group) which included 1 failed intervention case.
Among three groups, there was no statistical significance in the patient's demographics, clinical status (ASA classification), surgical factors and disease nature. However, mortality was significantly higher in the S group (p<0.001). The mortality cases were developed in O and S group 1 and 6 patients, respectively. Even if the multiple Volume 3, Issue 2, Article ID: 100022 interventions or surgical procedures were performed in one patient, each procedure was separately counted. As a result, the mean interval from the PD to procedures were 17 (range 6-34) days in I group and 12.2 (range 1-27) days in S group (Table 4) . The most common surgical procedure in S group was completion total pancreatectomy with splenectomy, and it was conducted 8 out of 14 rescue operation (57.1%). The next was completion total pancreatectomy preserving spleen in 4 (28.6%). PG repair and Roux-en-Y PJ reconstruction were performed in each case, respectively. In one patient, reoperation and re-reoperations were performed as Roux-en-Y PJ repair and completion total pancreatectomy with splenectomy, and the patient survived. The mean duration from PD to relaparotomy was variable, completion total pancreatectomy with splenectomy was 11.4 (range 1-26) days and the mean time to the completion total pancreatectomy preserving spleen was 16.7 (range 1-27) days (Table 5 ). 
Mean time between diagnosis and relaparotomy (days) Mortality
Completion total pancreatectomy with splenectomy 
Description of mortality cases
The mean age of the seven deaths was 73 years (range 69-78). All mortality cases except one were male. In all cases except VI, amylase-rich peritoneal fluids from drainage tube were identified after POD 7. Underlying pathologic diagnosis were malignant disease in 6 cases except in one IPMN (case VI), 3 bile duct cancer, 2 ampullas of Vater cancer and one case of pancreatic cancer. Laparotomic PJ reconstructions were 4 and laparotomic PG cases were 2 patients.
One laparoscopic PG was included in the mortality cases.
One patient developed hepatorenal syndrome followed by PD was not survived in the observation group. The other reoperation cases were 6 and the timing of the reoperation was mean 8. splenectomy (n=8). The major cause of death was liver failure, sepsis, and the average death time was 31 days (range 7-43) after PD (Table 6 ). 
Discussion
The definition and classification of pancreatic fistula after PD resection has been various, however, most of Nevertheless, this updated classification still does not specify a detailed classification of elevated level and periods of amylase. As a result, the definition of ISGPF may not be acceptable to all cases and the grading system seems to complex and intermingled furthermore includes multiple subjective criteria [16] . So, we categorize patients simply according to the definitive pancreatico-enteric anastomosis failure base on radiologic findings and clinical condition related to clear inflammatory sign. And the concept of the pancreatic fistula is ambiguous and extensive, so we use the term pancreatico-enteric anastomosis failure (PEAF) to define the concept of leakage and failure of the pancreatic anastomosis site.
The amylase level of drainage fluid about up to 3 days postoperatively is of less clinical importance, because of the many cases that are elevated by normal post-operative reactions and the most pancreatico-enteric anastomosis failure occurred in 5 days PD [17] . However, amylase-rich peritoneal fluid should be associated with PEAF obviously Volume 3, Issue 2, Article ID: 100022 after 5 days postoperatively. Thus, we defined as previously described, the presence of rich amylase in operatively placed or percutaneous placed drainage fluid at postoperative day 5 to 7. For simple application of these criteria, we set the reference value at over 10000IU. If the position of drain catheter is not proper or changed, reliability of the peritoneal fluid analysis would be disappointed. Therefore, we performed CT scan on postoperative 5-7 days routinely, and correlates patient's clinical condition whether or not the inflammatory sign focused on the peritoneal irritation findings and or vital sign.
In our series, male gender was vulnerable to PEAF and it was also noted in other reports [18, 19] . PEAF risk was correlated with pancreatic fatty infiltration. The risk of pancreatic fatty infiltration was correlated with visceral fat, in general, visceral fat was higher in men than in women. The reason for this sexual difference of fatty infiltration, male gender is predictive factors for pancreatic fistula [20] .
With aging society, surgical candidates of the PD already expanded to septuagenarian and octogenarian. It seems to the one of the causes of increasing surgical risk after PD. Inevitable comorbidity was accompanied with aging.
It might affect surgical outcome adversely. Therefore, selection of the patient emphasized especially in the major surgery such as PD [19] . Because once complication occurs in the old age group, the opportunity of recovery is poor. In our series age of most of mortality was seventies.
In general PG was believed in terms of anastomotic security superior to PJ of PD. PJ and PG are the most commonly used methods among various pancreatico-enteric anastomosis methods proposed to prevent PEAF. PJ includes variable method for anastomosis of pancreatic remnant and jejunum as end-to-end (dunking method), endto-side, end-to-side duct to mucosa anastomosis, etc. [21] . It has superior vascularity and mobility of jejunum. PG is the anastomosis method of pancreatic stump to posterior wall of stomach. And this has following advantages: 1) possible tension free anastomosis, 2) can avoid traction effect on anastomosis because a long jejunal loop with its retained secretion, 3) gastric wall provides excellent blood supply to the anastomosis, 4) easy monitoring of duct patency by nasogastric amylase estimation [22] .
Although several studies have suggested that PG is less likely to develop PEAF than PJ, in contrast, a number of studies have reported that there is no significant difference between the two methods [7, 8, 23] . In general, there were many results that PG was superior to PJ, and in our study, it seems that the above benefits are reflected in similar results. We also prefer PG in case of soft pancreas during the PD, but it is not definite factor to decide pancreaticoenteric anastomosis method. Other factors influencing whether PG or PJ is patient's age, if the patient is younger, PJ is preferable in our institute. As noted earlier, one of the disadvantageous long term outcomes of PG might endocrine derangement [24] . So endocrine concern is the prefer PJ of the young age group who has benign disease for the PD.
In this study, there was no difference in the PEAF incidence according to the pancreatico-enteric anastomosis.
But the interpretation should be made carefully because there might have selection bias considering pancreas stiffness which is very subjective [25] . It is deducible in this study, in the pancreatic adenocarcinoma, PEAF incidence was strikingly low (p<0.001). Hard pancreas is commonly coinciding finding and it's not soft nature guarantee a bit pancreatico-enteric anastomosis, fortunately. On contrary, pancreas of all the other malignancies besides pancreatic cancer such as bile duct cancer, ampulla of Vater cancer and neuroendocrine cancer seems to have soft consistency. In our series, PD for pancreas neuroendocrine tumor shows 44% PEAF rate (4 out of 9). We need to investigate additional possible risk factors other than pancreas stiffness issue [22] .
As in this study, supportive treatment is sufficient to improve PEAF in spite of peritoneal high amylase level (>10,000 IU). However, in that situation adequate drainage should be established in the PD procedure. Otherwise treatment, timely operative strategy should be involved. In some situation of PD, pancreatico-enteric anastomosis status was not satisfactory to the surgeon, that are the situation like the poor jejunal vascular supply and the poor suture handling due to very soft pancreas. Like that case, prophylactic total pancreatectomy might have better outcome than PEAF [26] . But it is not an easy decision because of the relatively poor quality of life in the patient after recovery such as lifelong insulin requirement. Outcome of reoperation for the PEAF after PD was significantly affected by the patient general condition at the moment. If you do the reoperation timely, you can preserve spleen in some case. In this study, we can preserve spleen in 2 reoperation patients. However, the spleen preserving does not seem to have benefit in the patient outcome. In the case of insecure pancreatico-enteric anastomosis, even with the adequate drainage tube maintenance PEAF might cause catastrophic clinical result such as autodigestion of peripancreatic soft tissue and vessels. Omen for PEAF resultant catastrophe is bleeding from the drain site. Generally angiographic embolization to the bleeding peripancreatic vessels cannot rescue the patient in that tough situation. Without elimination of the underlying PEAF, angiographic attempt further disrupts the blood supply necessary to heal the lesion. So, early surgical intervention was essential but unfortunately their clear criteria establishing is extremely difficult. But interval of the initial PD and reoperation was within 14 days in all of our mortality cases after reoperation. We had to look back the PD indication again and timing of the surgical intervention had to be reanalyzed again case by case basis. Fortunately, most of PEAF patient was successfully managed with supportive care and radiologic interventional treatment in our series. The choice between the PG and PJ had to be concluded but in the risk group such as very soft nature in consistency, randomization study might have the ethical problem. We had to carefully select the patient not suitable for the PD and minimally invasive approach in that group other than PD.
Conclusion
Pancreaticoduodenectomy is still challenging procedure because of pancreatico-enteric anastomosis failure.
Male gender and periampullary cancer besides pancreatic cancer has the risk of pancreas anastomotic failure. Adequate drainage catheter indwelling during the pancreaticoduodenectomy or postoperative radiological intervention can effectively manage the pancreatico-enteric anastomosis failure without interventional treatment.
